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Chapter	2_Population	
diversity	in	CHCs	and	
mtDNA	 
from	the	49	aligned	
individual-based	COI	
sequences.	The	
haplotype	network	
revealed	three	
haplotype	groups	
similar	to	those	
observed	using	phylogenetic	methods	(Fig.	3).	Among	the	
haplotype	groups	one	was	very	variable	and	included	12	
haplotypes,	9	of	which	represented	by	only	one	foundress.	All	
wasps	from	Central	Alps	(with	one	exception)	shared	the	same	
haplotype	and	this	haplotype	was	virtually	lacking	in	the	
Western	Alps.	 
Discussion	 
Chemical	profiles	of	P.	biglumis	varied	quantitatively	among	
populations	situated	roughly	across	a	longitudinal	gradient.	
Moreover,	chemical	profiles	showed	a	pattern	consistent	with	
the	isolation	by	distance	hypothesis,	(i.e.	when	there	are	only	
short	range	means	of	dispersal,	remote	populations	may	
become	differentiated	merely	from	isolation	by	distance,	Wright	
1943).	Chemical	and	geographical	distances	among	populations	
were	correlated,	meaning	that	the	largest	the	geographical	
distance	between	two	populations,	the	largest	their	chemical	
differences	in	CHCs.	To	our	knowledge	this	is	one	of	the	first	
extensive	surveys	on	the	geographical	variation	in	the	CHC	
profiles	in	social	wasps	and	it	is	the	first	evidence	of	geographic	
variation	in	the	chemical	profiles	of	P.	biglumis.	 
Our	findings	are	better	explained	if	we	consider	the	
biogeography	of	this	species.	Pleistocene	glacial	periods	strongly	
affected	species	distribution	over	large	part	of	their	geographic	
ranges	(Triponez	et	al.	2011).	Cold	adapted	species,	that	were	
probably	widespread	during	glacial	maxima,	should	be	restricted	
to	remote	environment	during	interglacial	periods,	as	at	present	
P.	biglumis	lives	in	Northern	Europe	(Sweden,	Norway)	(rarely	
found),	central	and	Southern	Europe	(Spain,	Italy),	North	Africa	
(rarely	 
 
Fig.	3	Phylogenetic	
tree	and	minimum-
spanning	network	of	
mtDNA	haplotypes	
from	P.	biglumis.	The	
two	clades	(I	and	II)	
are	linked	to	their	
corresponding	
haplotypes	clusters.	
The	number	of	wasps	
for	each	mtDNA	
haplotype	is	reported	
inside	the	circles.	
Samples	for	each	
haplotypes	are	listed	
in	the	box	(see	Table	
1	for	populations	
codes).	 
	
	
	
	
	
	
found)	and	Western	Asia	(Guiglia	1972).	In	Southern	Europe	P.	
biglumis	is	limited	to	mountain	zones	and	to	Alps	and	Apennines	
in	Italy	(Guiglia	1972).	In	the	mountains,	P.	biglumis	populations	
are	separated	by	geographical	barriers	and	foundresses	tend	to	
be	philopatric	and	mate	locally	(Seppä	et	al.	2011).	Gene	flow	
among	populations	should,	therefore,	be	low	and	should	
decrease	with	increasing	geographical	distances.	Distant	
populations	should	thus	be	more	genetically	diverse	than	close	
populations.	Since	CHCs	have	important	heritable	component	
(Thomas	and	Simmons	2008;	Tsutsui	et	al.	2003),	the	pattern	of	
isolation	by	distance	that	we	found	in	CHC	profiles	is	not	
surprising.	 
Chemical	distances	calculated	on	linear	hydrocarbons	and	those	
on	branched	hydrocarbons	were	both	significantly	correlated	
with	geographical	distances.	However,	evidence	exists	of	
different	patterns.	In	Formica	exsecta	the	chemical	distances	of	
n-alkanes	correlated	with	spatial	distances	at	a	local	scale,	while	
those	of	(Z)9-alkenes,	which	are	responsible	for	nestmate	
recognition	in	this	species,	did	not	(Martin	et	al.	2013).	While	
branched	alkanes	and	alkenes	are	especially	important	for	
nestmate	recognition	(Châline	et	al.	2005;	Dani	et	al.	2001;	
Lorenzi	et	al.	2011;	Martin	et	al.	2008a,	2008b),	linear	alkanes	
are	mainly	involved	in	protection	from	water	loss	(Gibbs	and	
Rajpurohit	2010).	It	is	possible	that	linear	and	branched	CHCs	
are	linked	to	different	parts	of	the	genome	and	are	under	
different	selection	regimes.	 
Data	on	variation	in	CHC	profiles	in	paper	wasps	are	conflicting.	
One	study	showed	that	Polistes	dominula	wasps	from	
neighboring	localities	in	Tuscany	had	more	similar	CHC	profiles	
than	those	from	distant	ones	(Dapporto	et	al.	2004),	but	no	
correlation	was	found	between	chemical	and	geographical	 
distances	in	a	wider	survey	on	the	same	species	in	the	Tuscan	
Archipelago	(Dapporto	et	al.	2009).	The	lack	of	correlation	was	
interpreted	as	an	indication	of	the	importance	of	environmental	
influences	on	CHC	profiles	(Dapporto	et	al.	2009).	However,	
unlike	P.	biglumis,	P.	dominula	has	a	widespread	distribution	in	
lowland	of	Central	and	Southern	Europe	(Cervo	et	al.	2000)	and	
its	populations	might	have	high	gene	flow.	 
Knowledge	about	environmental	influences	on	CHCs	is	
increasing	quickly	and	many	studies	on	both	social	and	non-
social	insects	have	shown	that	CHC	profiles	can	be	affected	by	
environmental	factors	such	as	season	(Nielsen	et	al.	1999),	diet	
(Buczkowski	et	al.	2005),	or	temperature	and	rainfall	regimes	
(Parkash	et	al.	2008a).	Dietary	effects	on	CHC	profiles	were	
found	in	a	wide	range	of	insects	(Buczkowski	et	al.	2005;	Richard	
et	al.	2004;	Steiger	et	al.	2007),	however,	in	Polistes	wasps,	data	
on	the	effects	of	seasonal	changes	and	diet	on	CHC	profiles	is	
lacking.	Polistes	is	known	to	prey	upon	caterpillars,	slow-moving	
insects,	fruits	and	nectar	(Akre	1982).	Variability	in	the	
availability	of	certain	food	types	might	account	for	some	of	the	
variation	between	populations	in	P.	biglumis	CHC	profiles.	Data	
on	CHC	profiles	in	relation	to	temperature	and	humidity	are	less	
straightforward.	For	instance,	Parkash	et	al.	(2008a)	found	that	
temperature	and	humidity	affected	the	cuticular	lipid	layer	in	
the	fly	Zaprionus	indianus,	while	studies	on	ants	found	no	or	
conflicting	evidence	for	climatic	effects	on	CHC	profiles	(Menzel	
and	Schmitt	2012;	van	Wilgenburg	at	al.	2011).	However,	a	
recent	study	on	P.	biglumis	showed	that	abiotic	factors	such	as	
rainfall	regime	and	local	temperature	were	poor	predictors	of	
the	divergence	in	CHC	signature	between	populations,	whereas	
biotic	factors,	such	as	social	parasite	prevalence,	could	play	a	
role	in	the	differentiation	(Lorenzi	et	al.	2014).	 
Phylogenetic	analyses	showed	a	distinct	monophyletic	grouping	
of	mitochondrial	COI	haplotypes,	thereby	confirming	species	
identity.	Indeed,	several	studies	using	molecular	analyses	
showed	the	presence	of	previously-	unknown	cryptic	species	in	
insects	(Anderson	et	al.	2013;	Molbo	et	al.	2003)	and	especially	
the	COI	is	widely	recognized	as	an	effective	tool	for	species	
delimitation	(Anderson	et	al.	2013).	This	is,	to	the	best	of	our	
knowledge,	the	first	evidence	confirming	the	status	of	species	
among	P.	biglumis	wasps	from	different	geographical	areas.	 
COI	sequences	showed	low	intra-specific	variation	and	two	main	
clades	were	identified.	Within	the	2	clades	it	was	possible	to	
differentiate	3	haplotype	groups	and	14	haplotypes,	some	of	
which	showed	only	a	single	base	variation	and	were	
represented	by	a	single	foundress.	Haplotype	diversity	varied	
between	the	Western	and	Central	Alps:	while	in	the	Western	
Alps	13	haplotypes	were	found,	in	the	Central	Alps	only	2	
haplotypes	were	found.	Moreover,	populations	belonging	to	the	
two	geographic	areas	were	clearly	genetically	differentiated	and	
the	foundresses	belonging	to	the	Central	Alps	had	their	own	
haplotype	(B),	which	was	virtually	absent	in	the	foundresses	
belonging	to	the	Western	Alps	(Fig.	4).	We	performed	both	a	
neighbor-joining	analysis	and	a	hierarchical	clustering	analysis	
on	chemical	data	(analyses	not	shown),	but	wasps	from	the	
same	population	did	not	cluster	together	and	also	the	different	
geographical	areas	were	not	clearly	separated.	This	may	be	due	
to	the	high	individual	variation	in	the	chemical	profile	(within	
and	between	populations	variances	are	similar,	unpubl.	data).	
The	fact	that	trees	built	on	genetic	data	and	those	built	on	
chemical	data	do	not	match	suggests	that	in	P.	biglumis	the	COI	
gene	variation	is	not	representative	of	the	genetic	variation	in	
CHCs.	 
 
Fig.	4	Map	of	the	populations	of	P.	biglumis.	Letters	inside	circles	represent	the	
haplotypes	found	in	the	13	populations.	Shades	of	gray	inside	circles	represent	
the	membership	of	the	haplotypes	to	one	of	the	three	haplotype	groups	(dark	
gray:	Ia;	white:	Ib;	light	gray:	II).	Colors	around	circles	indicate	the	9	populations	
for	which	we	analyzed	the	chemical	profiles.	Circles	without	color	around	them	
are	populations	for	which	we	did	not	analyze	the	chemical	profile.	Numbers	in	
the	upper	right	of	circles	are	the	ID	numbers	for	populations	(see	Table	1).	 
Indeed,	while	some	studies	found	a	match	between	genetic	and	
chemical	variation	(Dapporto	et	al.	2009,	Dronnet	et	al.	2006,	
Jenkins	et	al.	2000),	others	did	not	(Marten	et	al.	2009).	 
The	low	haplotype	diversity	in	the	Central	Alps	can	be	explained	
by	stochastic	processes	(i.e.	founder	effect,	genetic	drift,	
bottlenecks)	and/or	selective	processes	(i.e.	hitch-hiking	effect).	
To	date	we	have	no	evidence	for	the	respective	weight	of	these	
processes.	We	can	speculate	that	the	Western	Alps	could	
represent	an	ancestral	area	for	P.	biglumis,	while	the	Central	
Alps	area	would	have	been	more	recently	colonized.	Our	data	
could	also	suggest	a	different	origin	for	populations	of	the	two	
areas:	for	example,	the	Central	Alps	populations	might	originate	
from	eastern	or	northern	populations	(e.g.	Balkans	and/or	
Central	Europe),	whereas	the	Western	Alps	populations	could	
originate	from	Western	Europe	(e.g.	Pyrenees	and/or	Massif	
Central).	However,	we	need	an	enlarged	dataset	and	a	wider	
sampling	area	in	order	to	evaluate	these	different	scenarios	or	
new	ones.	These	results	are	the	first	data	on	the	
phylogeography	of	P.	biglumis	and	give	us	interesting	insights	on	
the	biology	of	this	species.	They	seem	to	confirm	previous	
knowledge	regarding	the	philopatry	of	Polistes	foundresses.	
Moreover,	they	suggest	the	possibility	of	a	founder	effect,	
genetic	drift,	bottlenecks	and/or	hitch-hiking	effect.	Future	
studies	analyzing	other	molecular	markers	(mitochondrial	and	
nuclear	genes)	and	investigating	gene	flow	among	populations	
will	increase	our	knowledge	of	the	genetic	variation	and	spatial	
structure	in	the	populations	of	P.	biglumis	in	the	Alps.	This	
knowledge	will	in	turn	help	us	to	disentangle	the	factors	which	
contribute	to	between-population	variation	in	the	chemical	
profiles.	In	social	insects,	CHC	profiles	mediate	nestmate	
recognition	and	therefore	are	of	crucial	importance	for	the	
survivorship	and	success	of	the	colony.	Indeed,	the	cost	of	being	
exploited	selects	for	colonies	that	can	efficiently	defend	
themselves	against	the	attacks	of	intruders.	Moreover,	chemical	 
profiles	are	involved	in	processes	other	than	recognition,	as	
prevention	from	desiccation	and	protection	from	pathogens	
(Howard	and	Blomquist	2005).	Physiological	constraints,	as	well	
as	ecological	characteristics	(e.g.	abiotic	factors	and	the	social	
environment),	can	shape	the	evolution	of	chemical	profiles.	
Understanding	the	evolution	of	chemical	communication	as	a	
whole	requires	knowledge	of	how	selective	pressures	may	vary	
depending	on	local	conditions	and	local	interactions	among	
species.	Extensive	surveys	that	simultaneously	investigate	
chemical,	genetic,	social	and	environmental	aspects	are	
therefore	needed	to	understand	which	factors	affect	the	
geographical	variation	in	the	CHC	profiles	in	social	insects.	 
*	This	study	has	been	published	in	the	Journal	of	Chemical	Ecology	(2015)	41:22–
31,	DOI	10.1007/s10886-014-0531-0.	The	published	paper	is	included	as	annex.	 
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